Aims: To evaluate the reliability of landmarks identification and their effect on the accuracy of the linear and angular measurements among the conventional, hardcopy and direct digital cephalographs.
INTRODUCTION
During the first half of the 20th century, more than 100 cephalometric analyses were successively proposed. Every researcher was hoping, not only to explore and definitively describe the structure and the morphology of the craniofacial complex, but also to reach conclusions by defining "cephalometric norms". These concern average values of cephalometric variables, such as linear and angular
Comparison of Lateral Cephalometric
Analysis among the Conventional, Digital and Hardcopy Cephalographs measurements that can be used for orthodontic diagnosis and treatment planning. (1) The major source of error in cephalometric analysis includes radiographic film magnification, tracing, measuring recording, and landmark identification. (2) This error is specific to each landmark and affected by experience and training of observers (3) Various computer programs are available to perform digitally many orthodontic functions, including cephalometric landmark identification and analysis, superimposition of sequentional radiographs, and printed hardcopies of the cephalograms. (4) (5) (6) (7) Although one of the advantages of using digital radiography is elimination of the need for hardcopies, the dentist will inevitably need to print images. The most common reason for printing is for patient education, where one or more images are printed for the patient to take away with them, or when a referral is made to another dentist whose office does not have the capability to view digital images. The most common complaint about printed images is poor quality, often rendering the image non-diagnostic. The reason for this may be poor choice of paper (e.g. using regular instead of photo-quality paper) or poor printing technique (e.g.; printer resolution is set too low). (8, 9) Various investigators have evaluated the use of computerized cephalometric and digitizing process of cephalometric radiographs (10) they concluded that in digital radiography x-ray detectors and computers perform the acquisition, archival and display of the radiographic information. In ten years of time digital radiographic technology has matured and, now a day, digital radiographic systems are gradually replacing radiographic film. Digital radiography has multiple applications in contemporary dental practice. Reports have shown that digital radiography is equal or superior to the conventional radiography for caries detection (11) in the observation of periapical lesions. (12) Other study (13) reported that digital radiography was superior to conventional radiography for analyzing apical root resorption through digital subtraction radiography.
This study is designed to evaluate the accuracy of the angular and linear measurements derived from the landmarks identified in conventional, hardcopy and direct digital cephalographs.
MATERIALS AND METHODS
The samples of this study were selected from both the students of Dental College of Mosul University and from the patients who were attending the College of Dentistry teaching hospital (between January to April in 2009), one hundred and ten males and females between 18-25 years of age, the samples were examined to fit the criteria of this study which include ; all the subjects are urban Iraqi in origin, full complement of permanent teeth with normal occlusion with bilateral CL I molar and canine relationship, (14, 15) normal overbite and overjet (2-4mm), (16) no detectable rotation of the teeth, (17) no crowding of dental arches (15) and no history of orthodontic treatment. (18) Lateral Cephalometric Radiography: Conventional and digital cephalometeric radiographs were taken for each sample, conventional lateral cephalometric X-ray machine, type STRATO-M 505, model-2000, Italy was used to take the conventional radiographs with the screen type film size 8x10 inch was adapted in a cassette with double intensifying screens, type AGFA, Belgium. The exposure factors were chosen according to the age of selected subjects that ranged between 18-25 years were 78 kVp, 12 mA and 0.8 sec. exposure time. All the exposed radiographic films were processed manually in the darkroom and at the room temperature. The examined subject was radiographed in a standing position, and asked the person to occlude in the centric occlusion.
Digital cephalometric X-ray machine, type PLANMECA DIMAXIS PRO, Finland was used to take the digital images with Dimax Classic imaging software, Finland, with the sensor size 13 30 cm. and small pixel size (33,5 µm) high resolution. The exposure value was selected and fixed depending on the age of the subjects, were 78 kVp, 12mA and 23.000 sec. of scanning time. The image were imported into a personal computer, in which all these images were displayed on a high resolution monochromic monitor which is 19 inch LG Electronics with a resolution of 300 dpi and 32 bit gray levels, the image displayed consisted of 1024 x 768 pixel matrix. The originally saved digital radiographic image for each sample and before doing any image enhancement will be printed as a hardcopy image on the printing paper size A4, with Laser-Jet Printer, type HP 38A-4300, U.K. the selected image was printed in its full size (100% of the original image size).
Tracing and Analysis:
The tracings of the conventional cephalometric radiographs were carried out the tracing paper (0.004 inch) in thickness and (29.5 × 21cm) in dimension in a reduced room illumination to enhance the ability to visualize and locate various skeletal landmarks.
The 17 landmarks were identified on the digital image using a mouse -driven cursor in combination with a computerized cephalometric windows based program for landmark sampling in digital images. The cursor consisted of arrows and when a landmark was recorded, a red dot appeared on the screen over the selected pixel and this procedure will facilitate the identification of landmarks. To enhance the digital radiographic image (Dimaxis Software) in order to identify the landmarks and make the linear and angular measurements to be done with more accuracy, four types of manipulation tools were applied: A zoom function allowed enlargement up to ×4, pseudo -coloring, gradient filter and reverse gray scale. All the skeletal and dental angles were measured to the part of hundred of degree (0.01º), were as the linear measurements were recorded to the part of hundred of millimeter (0.01mm).
Cephalometric analysis in a traditional manner will be done directly on the printed hardcopy image paper, by identifying and localizing the selected points, drawing of planes and angles. The linear and angular measurements are completed by the use of protractor and ruler with 0.5 mm Refill pencil. All linear and angular measurements have been calculated to the nearest half millimeters and half degree respectively as in the traditional method.
The Skeletal Measurements included the angular measurements which were the Sella-Nasion-A point (SNA), SellaNasion-B point (SNB), A point-Nasion-B point (ANB) and the skeletal linear measurement was total anterior facial height (TAFH), dimension where as the dental angular measurements included interincisal angle (IiA). The data was Statistically analyzed by using SPSS program version 11.5 loaded on Pentium IV Computer, One Way Analysis of Variances (ANOVA), P -value equal or less than 0.05 (p≤ 0.05) as the minimum level of significance, Duncan's Multiple Range Test, for more specific significance was used to differentiate between three procedures.
RESULTS
The comparison between the conventional, digital and hardcopy techniques illustrated no significant differences concerning the angles SNA, SNB and ANB at P > 0.05 as shown in Tables (1) , (2) , (3) and Figures (1) , (2) and (3). 
DISCUSSION
It is reasonable to evaluate a set of structural relationships by multiple cephalometric parameters rather than by a single parameter, and for this reason in this study as many as 5 measurements have been included to compare the three groups of analyses techniques, in order to reduce the measurement errors which could be considered during the interpretation of multiple cephalometric measurements. Because the present study included only the comparison among three techniques of cephalometric analysis, the results were compared with other studies have been carried out either in Mosul city and with same age groups and similar criteria by other researchers. (19, 20) Also, comparisons with other studies have been done in Netherlands by Ongkosuwito et al, (16) and in America by Bruntz et al, (7) as showed in Tables(6) , (7)and (8) . The SNA, SNB, ANB showed no significant difference among the conventional, digital and hardcopy analyses techniques, where the mean value of these angles by the conventional analysis technique coming in comparable with the results of other studies (19, 20) . The measurements of these three angles have comparable accuracy among the three analyses techniques which came in agreement with other study (22) , Ongkosuwito et al., (21) and Bruntz et al., (7) who found that the measurements of these three angles are equivalent in both conventional and digital methods, but disagreed with other studies (22, 23) who reported that with the majority of angular and linear measurements there is a systematic error between the digital and conventional radiographic images, the landmarks on poorly defined edges such as nasion and point A which appear to have the greatest error in the digital image. The skeletal linear measurement, total anterior facial height showed no significant difference in its mean value in both the conventional and the digital techniques which agreed with Ongkosuwito et al, (2, 21) who indicated that one of the efforts to improve the precision of landmark identification should be directed toward improvement in the image quality and they also suggested that the increased familiarity with the medium of digital cephalometric system may reduce the error and improve the reliability in landmark identification. Also, this agreed with study of Parks and Williamson (24) who demonstrated that the radiographic film is an analogue image in which a continuous gray level represents elements. A digital image is composed of many pictures elements (pixels), so the quality of a digital image strongly depends on both the number of pixels and the number of gray levels, and they reported that the reliability of landmark identification or digital images depends on the pixel's size. So as the size of pixel is small as the resolution of digital image which will be greater and can yield greater reliability than the original radiographs with conventional equipment? But in the hard copy method the TAFH showed the lowest mean value indicating to the distortion that has occurred during the printing of digital image and this agreed with the study of Bruntz et al, (7) . The IiAº (Inter incisal angle) did not show any significant difference in its value among the three methods and this in agreement with both studies of Ongkosuwito et al, (21) and Bruntz et al, (7) and disagreed with the study of Chen et al, (2, 25) that concluded the relatively larger measurement differences and a wide range of variation were angular measurements reflecting the axis of the upper and lower incisors. The differences in these dental measurements may be due to errors associated with landmarks identification in all techniques and wider range of variation in both original and digital modalities.
CONCLUSIONS
This study has showed the skeletal angular measurements: SNA, SNB, ANB no significant differences among the three analyses techniques, i.e., the conventional or manual, digital and hardcopy methods. The skeletal linear measurement TAFH showed more reliability and precision within the digital method, the dental angular measurement IiA showed more accuracy in its measurement within digital method rather than in conventional and hardcopy technique.
